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1

FUEL INJECTION SYSTEM FOR INTERNAL
| COMBUSTION ENGINES

‘This is a continuation of application Ser. No. 244,911,
now abandoned, filed Mar. 18, 1981 which is a Rule 60
continuation of Ser. No. 9,360, filed Feb. 5, 1979, also
abandonded.

BACKGROUND OF THE INVENTION

The present invention relates to a fuel injection sys-
tem for an internal combustion engine, and more partic-
ularly it relates to a fuel injection system in which an
amount of fuel supplied to an internal combustion en-
gine 1s electrically controlled.

In a fuel metering system for an internal combustion
engine, 1t 1s well known that an electromagnetic valve
which opens to inject a pressurized fuel is disposed in
each of a group of intake manifolds communicating
with respective cylinders of the engine and that a pres-
sure regulator 1s provided to regulate a pressure of the
pressurized fuel at a constant value. The electromag-
-netic valve is activated in synchronized relation with
the rotation of a crankshaft of the engine and an opening
interval of time 7(r=K'-Qa/N where K': constant) is
determined by an electric control circuit in response to
a rotation speed N of the crankshaft and an amount of
air Qa sucked through an intake pipe communicating
with the intake manifolds. From cost saving spirits, this
conventional fuel injection system is not desirable, since
as many electromagnetic valves as the number of cylin-
ders are necessitated.

To provide a fuel injection system which is low in
manufacturing cost, it is suggested that the electromag-
netic valve is disposed singly in the intake pipe and that
the electromagnetic valve is activated by the electric
control circuit at least as many times as the number of
suction strokes of the engine. According to this sugges-
tion, an allowable maximum opening interval of time
T7Mm of the electromagnetic valve under the maximum
rotation speed (6,000 r.p.m.) of the crankshaft is deter-
mined as follows on an assumption that the engine is in
a four-cylinder four stroke type.

Tar= 1/((6,000/60)-(3)-4) =0.005 (sec.)

Since the maximum opening interval of time of the
electromagnetic valve is required in general to be four
times longer than the minimum opening interval of time
of the electromagnetic valve,. the minimum opening
interval of time 7,, at the maximum rotation speed
(6,000 r.p.m.) is limited as follows.

Tm=TM/4=0.00125 (sec.)

Since the electromagnetic valve has a response delay
time, generally some 0.001 (sec.), from closing to open-
ing, the response delay time is not negligible relative to
the minimum opening interval of time 7,,. This means

that a precise fuel metering cannot be performed by the
electromagnetic valve.

SUMMARY OF THE INVENTION

It 1s therefore a primary object of the present inven-
tion to provide an improved fuel injection system which
15 low in manufacturing cost and precise in fuel meter-
ing operation.

According to the present invention, an electromag-
netic valve activated at least as many times as the num-
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ber of suction strokes in an engine is disposed upstream
of a throttle valve in an intake pipe and a pressure regu-
lator 1s provide to regulate a pressure of pressurized fuel
supplied to the electromagnetic valve in proportion to
an intake pressure present at a position downstream of
the throttle valve. This arrangement is effective to keep
the response delay time of the electromagnetic valve
negligible relative to the minimum opening interval of
time of the electromagnetic valve in the following man-
ner.

Assuming that the electromagnetic valve is activated
as many times as the number of suction strokes in the
engine, an amount of fuel qr supplied to the engine in

each opening of the electromagnetic valve is deter-
mined as follows:

o (1)
QF=kl' PF * Ty

where ki represents a constant, Pr represents a differ-
ence in pressures of fuel present at an inlet and outlet of
the electromagnetic valve, and T represents an opening
interval of time of the electromagnetic valve. The
amount of fuel qr may be expressed as follows:

gFr=ga/M (2),
where q, represents an amount of air sucked into each
cylinders in each suction stroke and M represent an
airfuel ratio of mixture. From these equations (1) and
(2), the opening interval of time 7 is expressed as
follows.

(3)

4a
T =
kKi- M-\ Pr

The amount of air q, sucked into each cylinder is ex-
pressed Qs = ka2-(Qs/N) (ko:constant), and an intake pres-

sure Pypresent at the downstream of the throttle valve

- 1s expressed as Pr=k-(Q,/N) (k: constant) in an absolute
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pressure notation. Further, the pressure difference Pris
expressed as Pr=k3.-P14+Po—P, where k3 represents a
constant, Po represents a constant, Pp represents in
absolute pressure notation an initial pressure of fuel
supplied to the inlet of the electromagnetic valve, and P
represents in absolute pressure notation a pressure pres-
ent at the outlet of the electromagnetic valve. In view of
these equations, the opening interval of time 7 expressed
by the equation (3) is expressed as follows:

(4)

Qg
. k'\l N

e e e ]

T ’
F P N
3 ‘ Qa-

e _
kl-M-4k3-Pj+Po—P I7a

0_
k- k

1 +

where K represent a constant. Since the amount of air
daq1s expressed as g, =Kk4-Pr(k4:consant), the equation (4)
may be expressed as follows in an alternative form:



(3)
K- J Pr

T = ———
Nl
| _M T ky - Pr

where Kiand K> represnet constants.
It should be noticed in the equations (4) and (5) that,

~  since the initial pressure Po of the pressurized fuel is

constant and the pressure P present at the throttle up-
- stream in substantially equal the atmospheric pressure,

" the opening interval of time 7 changes in response to the

- intake pressure Prpresent downstream of the throttle or
~ the quotient Qo/N between the amount of air Qg and the
rotation speed N. That is, the opening interval of time 7
is- requlred to change in proportion to the square root
value VP;or VQu/N. This means that, although the
maximum value of the intake pressure Pyor the quotient
- Qu/N'is generally four times larger than the minimum
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value, the required range of change in the opening inter- 20

val of time 7 may be smaller than the range of change 1n
- the intake pressure Pyor the quotient Q,/N. Therefore,
- the minimum opening interval of time of the electro-
magnetic valve may be lengthened to keep the response
“delay time of the electromagnetic valve more negligi-
 ble.

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings:

- FIG. 1is aschematic diagram showing a first embodi-
- ment of the present invention;

FIG. 2 is an electric wiring diagram of an electric
control circuit used in the first embodiment shown in
- FIG. 3 is an electric wiring diagram of a function
generator .used in the electric control circuit shown in

" FIGS. 1 and 2:

 FIG. 4 is a characterized chart showing an input-out-
| put characteristic of the function generator shown in

-~ FIG. 3;

FIG. 5 is a schematic diagram showing a second
- embodiment of the present invention; and

- FIG. 6 is a sectional view showing a modification of
~apressure regulator used in the first and second embodi-
- ments respectively shown in FIGS. 1 and §.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Referring first to FIG. 1 in which a first embodiment
of a fuel injection system according to the present in-
vention is shown, numeral 1 designates a multi-cylinder
engine which sucks air into each cylinder during the
suction stroke. The air is sucked through an air filter 2,
a throttle valve 3 and an intake manifold 4. Fuel sup-
plied from a fuel reservoir 5 is pressurized by a fuel
pump 6 and is supplied to the fuel inlet of an electro-
magnetic valve 7. The fuel outlet of the electromagnetic
valve 7 is disposed at the upstream of the throttle valve
3 provided in an intake pipe of the engine 1. Since the
presence decrease in the air filter 2 is negligible, the
pressure P present at around the fuel outlet of the elec-
tromagnetic valve 7, or at the upstream of the throttle
valve 3, is substantially equal to the atmospheric pres-
sure.

The pressure of fuel supplied to the inlet of the elec-
tromagnetic valve 7 is regulated by a fuel pressure regu-
lator 8. Pressure regulation in the pressure regulator 8 is
performed in response to the intake pressure P;present
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at the downstream of the throttle valve 3. The pressure
regulator 8 is provided with a flexible diaphragm 82
which partitions the regulator 8 into a fuel chamber 824
and a vacuum chamber 825 and moves a needle valve 81

for bypassing the pressurized fuel from the fuel pump 6
to the fuel reservoir 5. The fuel chamber 82q provided

at one side of the diaphragm 82 receives the pressurized
fuel which acts upon the diaphragm 82, and the vacuum
chamber 825 provided at the other side of the dia-
phragm 82 receives the intake pressure P; present
downstream of the throttle valve 3. In the pressure
regulator 8, a spring 83 is provided in the vacuum cham-
ber 825 to bias the needle valve 81 to close. Assuming
that the atmospheric pressure is introduced into the
vacuum chamber 825 the spring 83 determines the ini-
tial pressure Po of fuel supplied to the electromagnetic

valve 7. The diaphragm 82 moves to open the valve 81
in response to the intake pressure Pywhich is lower than

the atmospheric pressure so that the pressured fuel 1s

regulated at a valve which is lower than the initial pres-
sure Po.

For detecting operating conditions of the engine 1, an
air flow meter 9 which produces an electric intake air
analog voltage V indicative of the amount of sucked air
and a rotation angle detector 10 which produces an
electric angular pulse voltage v indicative of a predeter-
mined angular rotation of a crankshaft 1a¢ are provided.
flow meter 9 provided upstream of the intake pipe com-
prises a measuring plate which is disposed in the intake
pipe and biased by a biasing spring so that the biased
measuring plate moves in response to the flow of sucked
air, and a potentiometer associated with the measuring
plate for converting the movement of the measuring
plate into the analog voltage. Rotation angle detector
10 which produces the pulse voltage v at each suction
sroke comprises an inductor 10a provided on the crank-
shaft 1z of the engine 1, and an electromagnetic pick-up
1056 provided to face the inductor 10a. With the engine
1 having four cylinders, the pulse voltage v i1s produced
each time the crankshaft 1g attains a half rotation. In
addition, an oxygen detector 12 which produces an
electric ratio voltage V) indicative of the air-fuel ratio
of air-fuel mixture supplied to the engine 1 and a tem-
perature detector 14 which produces electric tempera-
ture voltage indicative of the temperature of engine
coolant are provided at a downstream of a three-way
catalyst 13 and on a radiator 15, respectively. An elec-
tric control circuit 11 connected to receive these volt-
ages calculates a required interval of time 7 of the elec-
tromagnetic valve 7.

Referring next to FIG. 2 in which the electric control
circuit 11 is shown in detail, numeral 24 designates a
frequency-voltage coverter which converts the number
of pulse voltages v produced from the rotation angle
detector 10 into an analog rotation voltage V indica-
tive of the rotation speed of the crankshaft 1a. Numeral
22 designates a first divider which divides the mtake air
voltage V, produced from the air flow meter 9 by the
rotation voltage V. Numeral 25 designates a second
divider which divides the rotation voltage Vy by the
intake air voltage V, to produce an output voltage 1n-
dicative of a value (Po—P)/k-k3)-(VN/V ) (Po—P)/k-k3)
being constant). Numeral 26 designates a constant volt-
age generator which produces a constant voltage V.
Numeral 27 designates an adder which adds the con-
stant voltage V; to the output voltage
(Po—P)/(kk3)(Vn/ Vo) of the second divider 25. Nu-
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meral 28 designates a third divider which devides the
output voltage V,/Vxy of the first divider 22 by the
output voltage (V14+Po—P)/k-k3)-(VN/Vs) of the
adder 27. Numeral 29 designates a square root calcula-
tor which calculates a square root value 5

VN
5

from the output voltage of the third divider 29. Nu-
meral 31 designates a function generator which gener-
ates a function voltage Vs proportional to a desired
air-fuel mixture ratio M. The rotation speed voltage VN {5
1s applied to the function generator 31 so that the air fuel
ratio M may be determined in response to the rotation
speed N of the engine 1. In addition, a coolant tempera-
ture voltage V, indicative of the coolant temperature
T detected by the coolant temperature detector 14 and ,,
an oxygen cencentration voltage Vj indicative of the
oxygen concentration in exhaust gases may be applied
so that the air-fuel ratio M may be determined more
precisely as described later. Numeral 32 designates a
fourth divider which divides the output voltage of the
square root calculator 29 by the air-fuel ratio voltage
V ar of the function generator 31 to produce a fuel volt-
age

Po— P
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Po— P
(Va/VN)Y/ | V1 + % s

VN
Vg

This fuel voltage Vr represents in an analog voltage
form the opening interval of time 7 obtained in the equa- 32
tion (4) which determines the amount of fuel gr injected
in each operation of the electromagnetic valve 7. Nu-
meral 33 designates a voltage-controlied timer pulse
generator which produces the timer pulse voltage hav-
ing the interval of time T synchronized with the pulse
voltage v applied from the rotation angle detector 10.
This interval of time T is varied in proportion to the fuel
voltage Vr and includes desirably a constant interval
corresponding to the response delay time of the electro-
magnetic valve 7. With this timer pluse voltage being
applied to the electromagnetic valve 7, the opening
interval of time of the electromagetic valve 7 activated
at every suction strokes of the engine 1 is controlled to
a value 7 obtained in the equation (4). Model 4450 man-
ufactured by TELEDYNE INC. in U.S.A. may be used
as the dividers 23, 25, 28 and 32, and model 4353 manu-
factured by TELEDYNE INC. in U.S.A. may be used
as the square root calculator 29.

The function generator 31 is shown in detail in FIG.
3, iIn which numerals 103 and 104 designate comparators 55
which produce high level voltage, respectively, when
the rotation speed voltage Vy is above a predetermined
rotation voltage V; corresponding to a low rotation
speed Njand is below a predetermined rotation voltage
V a2 corresponding to a high rotation speed Ni. These
high level output voltages are applied to an AND gate
105 which responsively closes an analog switch 124.
Numeral 121 designates a comparator which discrimi-
nates whether the voltage V* is above or below a prede-
termined value. The output voltage of the comparator 65
121 1s integrated by an integrator comprising a resistor
122 and a capacitor 123. An integration output voltage
1s applied to an adder 125 through the analog switch
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124. The adder 125 adds a constant bias voltage to the
integration output voltage to produce a first air-fuel
ratio voltage V. Accordingly, when the rotation
speed N 1s higher and lower than the speeds N and Ny,
respectively, the analog switch 124 closes and the out-
put voltage Vs of the adder 125 indicates that the
air-fuel ratio M of mixture supplied to the engine 1 is to
be controlled at the stoichiometric air-fuel ratio. When
the rotation speed.N is below or above the speed Nj or
N>, respectively, the output voltage Vs is determined
by a voltage divider 126. The temperature voltage V;
produced from the temperature detector 14 is applied to
a differential amplifier 141 which produces a second
air-fuel ratio voltage V. The output voltages Vs and
Van are applied to a low voltage selector comprising
two diodes 151 and 152 and a resistor 153. The selector
selects lower one of two input voltage Vs and Van.
The function pattern of the air-fuel ratio voltage V
determined by the above-described function generator
31 1s shown in FIG. 4 in which the abscissa and the
ordinate represent the rotation voltage V and the air-
fuel ratio voltage V4, respectively. When the tempera-
ture voltage V;1s equal to or above a predetermined
value Vy after engine warm-up, the function pattern is
determined as shown by the line F-G-H-I-J-L. With V,
being equal to a predetermined value V; smaller than
V0, the function pattern is determined as shown by the
line M-P. As the temperature voltage V, is increased
from V1 toward Vy, the function pattern M-P moves
upward in FIG. 4 so that the air-fuel ratio voltage Vs
1s modulated within a hatched region in FIG. 4.
Referring to FIG. § in which a second embodiment of
the fuel injection system according to the present inven-
tion 1s shown, it should be noted that a venturi portion
comprising a large venturi 101 and a small venturi 102 is
provided in the intake pipe at the upstream of the throt-
tle valve 3. The fuel outlet of the electromagnetic valve
7 1s communicated with the small venturi 102 via a fuel
nozzle 103. It should be further noted that an intake
pressure detector 9’ is disposed at the downstream of
the throttle valve 3 to produce an intake pressure volt-
age Vp applied to an electric control circuit 11’ and that
the oxygen detector 12 and the temperature detector 14
are disposed upstream of the catalyst 13 and on the
engine 1, respectively. The second embodiment other
than these is the same as the first embodiment. The
electric control circuit 11° which receives the intake
pressure voltage V, from the pressure detector 9' may
be designed with ease in view of the first embodiment to
calculate the required opening interval of time 7 in
response to the intake pressure P; present at the down-
strcam of the throttle valve 3. Therefore, no further
description relating to the control circuit 11’ is made.
In the second embodiment, the venturi portion 101
and 102 and the fuel nozzle 103 are effective to atomize
the fuel metered by the electromagnetic valve 7 into
small particles. When the intake pressure Pyis low due
to small opening of the throttle valve 3, the pressure of
fuel metered by the electromagnetic valve 7 remains
low. Therefore, the fuel is likely to be injected from the
fuel nozzle 103 in large particles. However, since the
venturl portion is provided where the fuel is injected,
the fuel injected is atomized favorably by the air flow-
ing through the venturi portion at comparatively high
speeds. When the intake pressure P; 1s high due to large

opening of the throttle valve, the pressure of fuel me-

tered by the electromagnetic valve 7 is kept high.
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Therefore, the fuel injected from the fuel nozzle 103 is
atomized into small particles more favorably.
In the first and second embodiments, it should be

- noticed that, since the pressure in the vacuum chamber
'82) of the pressure regulator 8 changes at most from the
‘atmospheric pressure to the minimum intake manifold

vacuum pressure, a fuel pressure change larger than one
atmosphere may not be obtained with the diaphragm 82
having a fuel pressure receiving area and an intake pres-

 sure receiving area equal to each other. To obtain a
- larger fuel pressure change, the pressure regulator 8

may be modified as shown in FIG. 6. The pressure
regulator 8 is provided with two diaphragms 821 and
822 which receive the fuel pressure and the intake vac-

 uum pressure, respectively. With the diaphragms 821

~ and 822 the respective pressure receiving areas 51 and
‘S, of which are in such a relation as S1>> 33, a pressure
change of the fuel supplied to the inlet of the electro-

~ magnetic valve 7 may be increased in accordance with

the difference between the areas of the diaphragms 821
and 822. In FIG. 6, numeral 86 designates a bypass
outlet which bypasses the fuel supplied from the fuel
pump 6 through a fuel inlet 85 to the fuel reservoir S.
- The amount of fuel which is to be bypassed through the

~bypass outlet 86 is regulated by the needle valve 81. The

‘diaphragms 821 and 822 are spaced from each other by
~ a predetermined value. Numeral 88 designates an atmo-
'sphere inlet which introduces the atmospheric pressure
into an atmospheric pressure chamber 82¢ provided
‘between the fuel chamber 82a and the vacuum chamber

; - 82b. The intake vacuum pressure Pyis supplied through
 an-inlet 87 to vacuum chamber 82b. Assuming that the

- area of the diaphragm 821 is vy times larger than that of
~ the diaphragm 822, the change of the fuel pressure is vy
- times larger than that of the intake manifold pressure Py.
~This modified pressure regulator 8 is effective to de-
- crease the required range of change in the opening
interval of time of the electromagnetic valve 7.
- The present invention is not limited to the embodi-
j ments described hereinabove but may be modified with-
out departing from the spirit of the invention. As one of
modifications, the electromagnetic valve which inter-
‘mittently meters the fuel may be energized at a constant
frequency when the rotation speed of the engine is high.
~ What we claim is:
- 1. In combination with an internal combustion engine
- having a plurality of cylinders, a throttle valve and an
- output shaft rotated by the combustions of air-fuel mix-
‘ture supphed to said cylmders a fuel injection system
comprising:

~ a source of fuel;

- means for pressurizing fuel from said source to pro-

vide pressurized fuel;

- an electromagnetic Valve having an inlet for receiv-

- ing said pressurized fuel and an outlet for supplying
fuel to said engine upstream of said throttle valve at
a position where substantially atmospheric pressure
is always present regardless of the engine intake
pressure at a position downstream of said throttle
valve, said fuel being supplied to said engine when-
ever said valve is actuated;

a pressure regulator for regulating the pressure of
said pressurized fuel to the inlet of said electromag-
netic valve as a function of the engine intake pres-
sure present at a position downstream of said throt-
tle valve, said pressure regulator comprising;:

a vacuum chamber communicated with said position

- downstream of said throttle valve;
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8

an atmosphere chamber communicated with the at-

mosphere;
a fuel chamber communicated with said pressurized

fuel;
a first diaphragm separating said atmosphere cham-
ber from said vacuum chamber;

a second diaphragm separating said atmosphere
chamber from said fuel chamber, said second dia-
phragm being continuously linked with said first
diaphragm so as to be moved therewith and having
a pressure receiving area smaller than that of said
first diaphragm:;

a valve associated with said second diaphragm for
controlling the return of pressurized fuel from said
fuel chamber to said source of fuel to thereby regu-
late the pressure of said pressurized fuel; and

a spring disposed in said vacuum chamber for biasing
said first diaphragm such that said valve moved by
said first diaphragm through said second dia-
phragm is prevented from returning said pressur-
ized fuel to said source of fuel; and

an electric control circuit for actuating said electro-
magnetic valve intermittently and synchronously
with the suction strokes of said cylinders, each
such actuation being for an interval of time propor-
tional to either (a) V Pror (b) V' Qa/N, where P;is
the engine intake pressure at a position downstream
of the throttle valve, Qa is an amount of air taken
into the engine and N is the rotational speed of the
engine, whereby the pressurized fuel is metered by
said electromagnetic valve.

2. A fuel metering system for use with an internal
combustion engine having a throttle valve, said fuel
metering system comprising:

a source of fuel;

means for pressurizing fuel from said source to pro-
vide pressurized fuel;

a fuel valve having an inlet coupled to said pressur-
ized fuel and an outlet for supplying fuel upstream
of said throttle valve at a position having a substan-
tially atmospheric pressure whenever said fuel
valve is actuated;

means for regulating the pressure of said pressurized
fuel as a function of the engine intake pressure at a
position downstream of said throttle valve, said
regulating means comprising:

a vacuum chamber communicated with said position
downstream of said throttle valve;

an atmosphere chamber communicated with the at-
mosphere;

a fuel chamber communicated with said pressurized
fuel;

a first diaphragm separating said atmosphere cham-
ber from said vacuum chamber;

a second diaphragm separating said atmosphere
chamber from said fuel chamber, said second dia-
phragm being continuously linked with said first
diaphragm so as to be moved therewith and having
a pressure receiving area smaller than that of said
first diaphragm:;

a valve associated with said second diaphragm for
controlling the return of pressurized fuel from said
fuel chamber to said source of fuel to thereby regu-
late the pressure of said pressurized fuel; and

a spring disposed in said vacuum chamber for biasing
said first diaphragm such that said valve moved by
said first diaphragm through said second dia-




4,494,511

9

phragm 1s prevented from returning said pressur-
1zed fuel to said source of fuel: and

means for actuating said fuel valve synchronously

with the suction strokes of said engine for an inter-
val of timme proportional to either (a) VP;or (b) 5
V' Qa/N, where Pyis the engine intake pressure at a
position downstream of the throttle valve, Qa is an
amount of air taken into the engine and N is the
rotational speed of the engine.

3. In combination with an internal combustion engine 10
having a plurality of cylinders, a throttle valve and an
output shaft rotated by the combustions of air-fuel mix-
ture supplied to said cylinders, a fuel injection system
comprising:

a source of fuel; 15

means for pressurizing fuel from said source to pro-

vide pressurized fuel;

an electromagnetic valve for supplying fuel to at least

two of said cylinders, said valve having an inlet for

receiving said pressurized fuel and an outlet for 20

supplying fuel to said engine upstream of said
throttle valve at a position where substantially
atmospheric pressure is always present regardless

of the engine intake pressure at a position down-
stream of said throttle valve, said fuel being sup- 25
plied to said engine whenever said valve is actu-
ated;

a pressure regulator for regulating the pressure of
said pressurized fuel to the inlet of said electromag-
netic valve as a continuous function of the engine 30
intake pressure present at a position downstream of
said throttle valve such that for any incremental
change of intake pressure there is a corresponding
change in fuel pressure; and

an electric control circuit for actuating said electro- 35
magnetic valve intermittently and synchronously
with the suction strokes of said cylinders, whereby
the pressurized fuel is metered by said electromag-
netic valve.

4. A fuel injection system according to claim 3 fur- 40

ther comprising: |

a venturi provided upstream of said throttle valve;
and

a fuel nozzle communicating the outlet of said elec-
tromagnetic valve with said venturi for injection 45
fuel metered by said electromagnetic valve at said
venturl.

5. A fuel injection system according to claim 3,

wherein said pressure regulator comprises:

a vacuum chamber communicated with said position 50
downstream of said throttle valve;

an atmosphere chamber communicated with the at-
mosphere;

a fuel chamber communicated with said pressurized
fuel; 55

a first diaphragm separating said atmosphere cham-
ber from said vacuum chamber:;

a second diaphragm separating said atmosphere
chamber from said fuel chamber, said second dia-
phragm being linked with said first diaphragm so as 60
to be moved therewith and having a pressure re-
ceiving area smaller than that of said first dia-
phragm:; .

a valve associated with said second diaphragm for
controlling the return of pressurized fuel from said 65
fuel chamber to said source of fuel to thereby regu-
late the pressure of said pressurized fuel; and a
spring 1n said vacuum chamber for biasing said first

10

diaphragm such that said valve moved by said first
diaphragm through said second diaphragm is pre-

vented from returning said pressurized fuel to said
source of fuel.

6. A fuel injection system according to claim 3

whereln said pressure regulator comprises:

a fuel chamber communicating with said pressurized
fuel;

a vacuum chamber communicating with said down-
stream position;

a diaphragm separating said fuel chamber from said
vacuum chamber:

a regulator valve for controlling the amount of fuel
flowing from said fuel chamber into said source of
fuel, said regulator valve being mechanically cou-
pled to said diaphragm so that displacement of said
diaphragm resulting from a change of the pressure
difference between said fuel chamber and said vac-
uum chamber displaces said regulator valve; and

means for biasing said regulator valve closed so as to
prevent fuel from flowing from said fuel chamber
to said source of fuel when the pressure within said
vacuum chamber is substantially atmospheric,
whereby as the pressure at said downstream posi-
tion drips below atmospheric pressure, said fuel
valve opens in an amount related to the pressure at
satd downstream position allowing fuel to flow
from said fuel chamber to said source of fuel, drop-
ping the pressure of said pressurized fuel.

7. A fuel injection system according to claim 3

whereln said electric control circuit comprises means
for determining the interval of time for each actuation
as a function of the temperature of said engine, the
amount of air flow into said engine and the oxygen
content of the exhaust gases from said engine.

8. A fuel injection system according to ciaim 4,

wherein said pressure regulator comprises:

a vacuum chamber communicated with said position
downstream of said throttle valve:

an atmosphere chamber communicated with the at-
mosphere;

a fuel chamber communicated with said pressurized
fuel;

a first diaphragm separating said atmosphere cham-
ber from said vacuum chamber:;

a second diaphragm separating said atmosphere
chamber from said fuel chamber, said second dia-
phragm being linked with said first diaphragm so as
to be moved therewith and having a pressure re-
cetving area smaller than that of said first dia-
phragm;

a valve associated with said second diaphragm for
controlling the return of pressurized fuel from said
fuel chamber to said source of fuel to thereby regu-
late the pressure of said pressurized fuel; and

a spring disposed in said vacuum chamber for biasing
said first diaphragm such that said valve moved by
satd first diaphragm through said second dia-
phragm is prevented from returning said pressur-
1zed fuel to said source of fuel.

9. A fuel injection system according to claim 4

wherein said pressure regulator comprises: |

a fuel chamber communicating with said pressurized
fuel;

a vacuum chamber communicating with said down-
stream position;

a diaphragm separating said fuel chamber from said
vacuum chamber;
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a regulator valve for controlling the amount of fuel
flowing from said fuel chamber into said source of
fuel, said regulator valve being mechanically cou-

- pled to said diaphragm so that displacement of said

- diaphragm resulting from a change of the pressure
difference between said fuel chamber and said vac-
uum chamber displaces said regulator valve; and

means for biasing said regulator valve closed so as to

prevent fuel from flowing from said fuel chamber
 to said source of fuel when the pressure within said
vacuum chamber is substantially atmospheric,
whereby as the pressure at said downstream post-
tion drops below atmospheric pressure, said fuel
valve opens in an amount related to the pressure at
said downstream position allowing fuel to flow
from said fuel chamber to said source of fuel, drop-

- ping the pressure of said pressurized fuel.

- 10. A fuel injection system according to claim 4
wherein said electric control circuit comprises means
for determining the interval of time for each actuation
as a function of the temperature of said engine, the
amount of air flow into said engine and the oxygen
content of the exhaust gases from said engine.

- 11. A fuel metenng system for use with an internal

'~ combustion engine having a throttle valve and a plural-

ity of cylinders, said fuel metering system comprising:
- a source of fuel;
means for pressurizing fuel from said source to pro-
- vide pressurized fuel;

a fuel valve for supplying fuel to at least two of said
cylinders, said valve having an inlet for receiving
said pressurized fuel and an outlet for supplying
fuel upstream of said throttle valve at a position
having a substantially atmospheric pressure when-

~ ever said fuel valve is actuated;
| means for regulating the pressure of said pressunzed
- fuel as a continuous function of the engine intake

 pressure at a position downstream of said throttle

valve such that for any incremental change of in-
take pressure there is a corresponding change in
- fuel pressure; and
| means for actuating said fuel valve synchronously
with the suction strokes of said engine for an inter-
val of time proportional to either (a) VP; or
-V Qa/N, where Pris the engine intake pressure at a
position downstream of the throttle valve, Qa is an
~amount of air taken into the engine and N 1s the
rotational speed of the engine.
12. A fuel metermg system according to claim 11

further comprising:
a venturi prowded upstream of said throttle valve;

and

a fuel nozzle communicating the outlet of said elec-
tromagnetic valve with said venturi for injecting
fuel metered by said electromagnetic valve at said
venturi.

13. A fuel metering system according to claim 11

~ wherein said means for regulating comprises:

a fuel chamber communicating with said pressurized
fuel;

a vacuum chamber communicating with said down-
stream position;

a diaphragm separating said fuel chamber from said
vacuum chamber;

a regulator valve for controlling the amount of fuel
flowing from said fuel chamber into said source of
fuel, said regulator valve being mechanically cou-
pled to said diaphragm so that displacement of said

10

15

20

25

30

335

45

50

33

65

12

diaphragm resulting from a change of the pressure
difference between said fuel chamber and said vac-
uum chamber displaces said regulator valve; and

means for biasing said regulator valve closed so as to
prevent fuel from flowing from said fuel chamber
to said source of fuel when the pressure within said
vacuum chamber is substantially atmosphenc,
whereby as the pressure at said downstream posi-
tion drops below atmospheric pressure, said fuel
valve opens in an amount related to the pressure at
said downstream position allowing fuel to flow
from said fuel chamber to said source of fuel, drop-
ping the pressure of said pressurized fuel.

14. A fuel metering system according to claim 11
wherein said means for regulating comprises:

a vacuum chamber communicated with said position

downstream of said throttle valve;

an atmosphere chamber communicated with the 2t-
mosphere;

a fuel chamber communicated with said fael;

a first diaphragm separating said atmcsphere cham-
ber from said vacuum chamber;

a second diaphragm separating said atmosphere
chamber from said fuel chamber, said second
diaphgram being linked with said first diaphragm
so as to be moved therewith and having a pressure
receiving area smaller than that of said first dia-
phragm;

a valve associated with said second diaphragm for
controlling the return of p:«ssurized fuel from said
fuel chamber to said source of fuel to thereby regu-
late the pressure of said pressurized fuel; and

a spring disposed in said vacuum chamber for biasing
said first diaphragm such that said valve moved by
said first diaphragm through said second dia-
phragm is prevented from returning said pressur-
ized fuel to said source of fuel.

15. A fuel metering system according to claim 11
wherein said means for actuating said fuel valve com-
prises means for determining the interval of time for
each actuation as a function of the temperature of said
engine, the amount of air flow into said engine and the
oxygen content of the exhaust gases from said engine.

16. A fuel metering system according to claim 12
wherein said means for regulating comprises:

a fuel chamber communicating with said pressurized

fuel;

a vacuum chamber communicating with said down-
stream position;

a diaphragm separating said fuel chamber from said
vacuum chamber;

a regulator valve for controlling the amount of fuel
flowing from said fuel chamber into said source of
fuel, said regulator valve being mechanically cou-
pled to said diaphragm so that displacement of said
diaphragm resulting from a change of the pressure
difference between said fuel chamber and said vac-
uum chamber displaces said regulator valve; and

means for biasing said regulator valve closed so as to
prevent fuel from flowing from said fuel chamber
to said source of fuel when the pressure within said
vacuum chamber is substantially atmospheric,
whereby as the pressure at said downstream posi-
tion drops below atmospheric pressure, said fuel
valve opens in an amount related to the pressure at
said downstream position allowing fuel to flow
from said fuel chamber to said source of fuel, drop-
ping the pressure of said pressurized fuel.
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17. A fuel metering system according to claim 12
wherein said means for regulating comprises:
a vacuum chamber communicated with said position
downstream of said throttle valve;

an atmosphere chamber communicated with the at-
mosphere;

a fuel chamber communicated with said fuel;

a first diaphragm separating said atmosphere cham-
ber from said vacuum chamber:

a second diaphragm separating said atmosphere
chamber from said fuel chamber, said second
diaphgram being linked with said first diaphragm
sO as to be moved therewith and having a pressure
receiving area smaller than that of said first dia-

‘phragm;

a valve associated with said second diaphragm for
controlling the return of pressurized fuel from said
fuel chamber to said source of fuel to thereby regu-
late the pressure of said pressurized fuel; and
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a spring disposed in said vacuum chamber for biasing
sald first diaphragm such that said valve moved by
said first diaphragm through said second dia-
phragm is prevented from returning said pressur-
1zed fuel to said source of fuel.

18. A fuel metering system according to claim 12
wherein said means for actuating said fuel valve com-
prises means for determining the interval of time for
each actuation as a function of the temperature of said
engine, the amount of air flow into said engine and the
oxygen content of the exhaust gases from said engine.

19. A combination according to claim 3 wherein said
electric control circuit 1s arranged to actuate said elec-
tromagnetic valve such that each actuation is for an
interval of time proportional to either (a) V'P; of (b)
VQa/N, where P, is the engine intake pressure at a
position downstream of the throttle valve, Qa is an
amount of air taken into the engine and N is the rotational

speed of the engine.
* * - * *
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